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A great number of studies concern the dem-
onstration and localization of nucleic acids, but
only a few deal with ribonuclease (RNasc) and
dcsoxyribonuclease (DNase). Recent papers
show the biochemical demonstration of these
enzymes in human skin (13, 19, 20). Histo-
chemical methods for the demonstration of
RNase and DNasc in human skin were em-
ployed by others (8, 16, 17, 18). The authors
used different techniques and got very different
results.
The technique of fluorescent antibodies (FA)
introduced by Coons (4) makes it possible to
demonstrate a great series of antigens and anti-
bodies in tissues. Therefore we sought to em-
ploy this technique for the demonstration and
localization of RNase and DNase in human
skin. In this paper we report upon our results
using the FA method for the demonstration and
localization of RNase and DNase in normal
and psoriatic human skin.
METHODS AND MATERIALS
Preparation of Antisera
For immunization we used silver-grey Chin-
chilla female rabbits weighing 2.5—3 kg. One
group of rabbits was immunized with RNase1,
the other group with DNaset. Employed was 10
mg of antigen to 1 ml of complete Freund's
adiuvant. Once a week an i.m. injection begin-
ning from 0.5 ml was given and each week the
dose was increased about 0.5 ml to 2.5 ml. About
one week after the last injection the serum was
collected and evaluated for the presence of anti-
bodies by the agar-gel-diffusion method (12).
Before use the antiserum was absorbed with
powdered human skin to diminish non-specific
reactions.
Staining with PA (indirect method)
Unfixed eryostat sections, cut at about 8 z,
from normal and psoriatic human skin, were cov-
ered by a drop of absorbed unlabeled specific
Received July 22, 1968; accepted for publica-
tion October 10, 1968.
* From the Research Laboratory for Metabo-
lism of the skin, Faculty of Medicine, Charles
University, Prague, Czechoslovakia.1 Mann Research Laboratories, Inc., New York.
rabbit anti-RNase antiserum, or anti-DNase an-
tiserum, and the reaction was allowed to proceed
for 1 hour at room temperature. The studies were
then washed in buffered saline for 30 mm. and
over the sections a drop of labeled anti-rabbit
gamma-globulin' was applied. The reaction again
was permitted to continue for 1 hour. When stain-
ing was completed, the conjugate was rinsed off
with buffered saline, which was used to wash
the slides for 30 mm. and the sections were
mounted in a small drop of buffered glycerol at
pH 7.8 under a eoverslip. For examination a
fluorescent microscope Zetopan-Binolux, Reiehert,
Vienna, Austria, was used, with a higk pressure
mercury lamp HBO 200 and a combination of
filters BC 12 and OG 1 with GG 1.
Sites of a positive reaction have a brilliant
green fluorescence.
Controls of Specificity
a. sections treated with anti-rabbit labeled glob-
ulin.
b. sections treated with normal rabbit serum
and anti-rabbit labeled globulin.
c. sections treated with normal human serum
and anti-human labeled globulin.
Results of the Investigation of
Control Specimens
In normal skin only a nonspecific weak fluores-
cence of the epidermal barrier and the str. comeum
is visible. The whole epidermis, especially the
epidermal cells, are without any fluorescence. In
psoriatic skin the parakeratotic horny layers is
marked by a weak nonspecific fluorescence and
epidermal cells are also without any fluorescence
(Fig. 1).
RESULTS
Normal Human Skin
RNase. Scattered throughout the whole epi-
dermis a great number of cells show fluorescence
of the nuclear membrane and from there some
cells show fluorescence extending inside the
nucleus. We will refer to this pattern as "pen-
nuclear" fluorescence or reaction, which is
used also by Jarrett in his paper (8). In the
higher layers of the epidermis the cells also
showed diffuse nuclear fluorescence, which was
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Fm. 1. Control specimen—psoriatie skin. Unspecific fluorescence is only in the parakera-
totic horny layer. Epidermal cells without any fluorescence. )< 50.
intense mainly in the granular layer. In the
upper layers of the str. spinosum it was possible
to differentiate cells with a strong perinuelear
reaction and a brilliant fluorescence of the
nucleolus. In certain sites of the str. spinosum
some cells had, besides their perinuelear reac-
tion, some activity of the cytoplasm which was
marked by a diffuse or granular green fluores-
cence. Throughout the epidermis there were
also cells with minimal or no activity. An in-
creased activity was seen in cells in the neigh-
borhood of hair follicles. Dermal cells, cells of
skin appendages and endothelial cells also had
positive reactions. A weaker reaction was seen
in the stratum corneum (Figs. 2 and 3).
DNose. The activity of DNase was marked
predominantly by a perinuelear green fluores-
cence, which was stronger in the basal layer of
the epidermis, decreased in the lower regions of
the str. spinosum and increased again in the
upper layers of the epidermis. Besides the
perinuclear reaction we could detect in some
cells a weak diffuse nuclear fluorescence and a
weak diffuse fluorescence of the cytoplasm. In
certain sites there was also a fluorescence on the
surface of the str. eorneum. Enzymatic activity
could be demonstrated in dermal cells, cells of
the appendages of the skin, and in endothelial
cells with predominantly perinuelear reaction.
There were some cells in the epidermis which
failed to show any activity (Figs. 4 and 5).
Psoriatio Skin
RNa.se. The activity of RNase demonstrated
the same localization as in normal skin. More-
over in the psoriatie epidermis a greater num-
ber of cells showed a positive and more brilliant
reaction. In the upper layers of the epidermis
we detected a great! number of cells with a
brilliant green fluorescence of the cytoplasm
and an intensive fluorescent nuclear membrane.
Within the dark nucleus one or two fluorescent
nucleoli were visible. In the parakeratotic str.
corneum an intensive nuclear fluorescence in
several sites was present.
DNase. In comparison with normal skin a
positive reaction predominantly in the lower
parts of the epidermis was present, which de-
creased toward the str. oorneum. Also, here we
could demonstrate cells with a diffuse green
fluorescence of the cytoplasm but in a smaller
number and degree than in RNase. In the
parakeratotic str. eorneum we could also detect
sites with enzymatic activity.
DISCUSSION
DNase and RNase belong to hydrolytic en-
zymes, are of lysosomal origin (7) and split
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Fic. 2. Demonstration of RNase in normal skin. Scattered throughout the epidermis are
cells with mainly diffuse nuclear fluorescence. >< 31.
-Fiu. 3. Detail from Figure 2. Besides cells with diffuse nuclear fluorescence are cells with
a perinuclear reaction. X 151.
FIG. 4. Demonstration of DNase in normal skin. Predominantly perinucle.ar fluorescence,
very intensive iu the basal layer of the epidermis. X 33.
Ftc. 5. Detail from Figure 4. Cells with a perinuclear fluorescence, nuclear fluorescence
and also some cells with a weak fluorescence of the cytoplasm. X 164.
DNA and RNA. The metabolism of nucleic
acids is in relation to keratinization has been
discussed (2, 3, 8, 9, 13, 14, 15, 18) as has the
relation between the activity of DNase in tis-
sues and their ability to undergo proliferation
and regeneration (3, 13). Tissues with high
mitotic activity have a high concentration of
DNase. The epidermis has a large content of
RNase and a high mitotie activity. There is a
relation between content of RNase and prolifer-
ation of cells.
For the demonstration of RNase and DNase
employed Steigleder et al. employed the tech-
nique of Daoust (5, 6). By means of this
technique these authors could not demonstrate
nucleases in the epidermis and were not able to
localize the enzymatic activities of RNase and
DNase in single cells or intracellular structures.
Jarrett (8) used the methods of Aronson et
of. (1) and Vorbrodt (21). He performed the
reactions at different pH and demonstrated
that RNase and DNase are present in human
epidermal cells. Predominant sites of the reac-
tion were related to the nucleus of cells. At
different pH the nuclear or perinuclear reac-
tions were marked. On other cellular struc-
tures—cytoplasm and nucleolus—the reaction
could not be demonstrated.
Bearing in mind the different results of these
authors we tried to demonstrate RNase and
DNase by means of FA. This method was
used for the first time by Marshall (11) for
a !w !fl
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the localization of RNase and DNase in the
bovine pancreas. By means of this method we
were able to demonstrate the activities of
R.Nase and DNase in epidermal cells of the
human skin, in dermal cells, in cells of skin
appendages and in endothelial cells. The ac-
tivity could be proved not only in relation to
the nuclei of cells, but also to other intra-
cellular structures as the cytoplasm and the
nucleolus of cells. The activity of RNase was
marked by a perinuclear, diffuse nuclear and
also nucleolar reaction. DNase bad predomi-
nantly a perinuclear reaction. In both enzymes
also an enzymatic activity in the cytoplasm
could be demonstrated. These results are in
agreement with findings that RNase and DNase
are of lysosomal origin and that metabolic
processes of RNA and DNA proceed in the
nucleolus and cytoplasm, or in the nucleus and
ribosomes of cells. In psoriatic skin, besides the
localization of RNase and DNase as in normal
skin, we found a greater number of cells with
a positive reaction for both enzymes in the
cytoplasm of cells. The parakeratotic horny
layer had a high enzymatic activity.
The FA technique was found to be very
suitable for the demonstration of RNase and
DNase in human skin.
SUMMARY
Using the technique of fluorescent anti-
bodies, the presence and localization of RNase
and DNase in epidermal cells, in dcrmal cells,
in cells of the skin appendages and endothelial
cells of the human skin could be demonstrated.
The studies were performed in normal and
psoriatic skin.
REFERENCES
1. Aronson, J., Herpelman, L. H. and Okada, S.:
Preliminary studies of the histochemical
demonstration of deoxyribonuclease by
adaptation of the Comori acid phosphatase
method. J. Histochem. Cytochem., 6: 255,
1958.
2. Braun-Falco, 0.: The histochemistry of pso-
riasis. Ann. N. Y. Acad. Sci., 73: 936, 1958.
3. Braun-Falco, 0.: Die Histochemie der Haut,
p. 375, Dermotologie und T7enerologie, Got-
tron, H. A., Schdnfeld, W., Bd. I, Teil 1,
Georg Thieme Verl., Stuttgart, 1961.
4. Coons, A. H.: Fluorescent antibody methods,
Generol Cytochemical Methods, Vol. 1. Ed.,
Danielli, J. F., Academic Press, New York,
1958.
5. Daoust, R.: Localization of deoxyribonuclease
in tissue sections. Exp. Cell Res., 12: 202,
1957.
6. Daoust, R. and Amano, H.: The localization
of ribonuclease activity in tissue sections.
2. Histoehem. Cytochem., 8: 131, 1960.
7. Dc Duve, C.: General properties of lysosomes:
The lysosome concept, pp. 1—31, Ciba
Found. Symp. Lysosomes. J. and A. Church-
ill, Ltd., London, 1963.8. Jarrett, A.: Acid nucleases in human skin.
J. Invest. Derm., 49: 443, 1967.
9. Jarrett, A., Spearman, R. I. C. and Hardy,
2. A.: Histochemistry of keratinization.
Brit. J. Derm. 71: 277, 1959.
10. Jarrett, A. and Spearman, R. I. C.: Histochem-
sstry of the shin: Psoriosis. English Uni-
versities Press, 1964.
11. Marshall, J. M.: Distributions of chymotryp-
sinogen, procarboxypeptidase, desoxyribonu-
clease, ribonuclease in bovine pancreas. Exp.
Cell Res., 6: 240, 1954.
12. Ouchterlony, 0.: Immunodiffusion methods
and their apphcation to some problems in
biology and medicine. Acta path. microbiol.
Scand., 25: 186, 1948.
13. Santoianni, P. and Rothman, S.: Nucleic-
acid-splitting enzymes in human epidermis
and their possible role in kcratinization. 2.
Invest. Derm., 37: 489, 1961.
14. Spier, H. and Caneghem, P. V.: Zur Histo-
chemie der Verhornung. Arch. Klin. Exp.
Derm., 206: 344, 1956.
15. Steigleder, G. K.: Zur Funkton der Akan-
those. Arch Khn. Exp. Derm., 200: 377, 1955.
16. Steigleder, G. K. and Raab, W.: Ribonuclease
auf der Rautoberfl'áche. Klin. Wschr., 39:
598, 1961.
17. Steigleder, C. K. and Raah, W.: The localiza-
tion of ribonuclease and deoxyribonuclease
activities in normal and psoriatic epidermis.
J. Invest. Derm., 38: 209, 1962.
18. Steigleder, G. K. and Fischer, J.: IJhcr die
Lokalisation von Ribonuclease (RNAse)-
und Dexyribonuclease (DNAase)-Aktivitbt
in normaler, entzflndhch veriinderter Hant
und bei Hauttumoren. Arch. Klin. Exp.
Derm., 217: 417, 1963.
19. Tabachnik, J. and Freed, R.: Epidermal
ribonuclease. Fed. Proc., 19: 51. 1960.
20. Tabachnik, J. and Freed, R.: Demonstration
of nuclease activity on mammalian skin
surface. Fed. Proc., 20: 219, 1961.
21. Vorbrodt, A.: Histochemical studies and the
intranuclear localization of acid deoxyribo-
nuclcase. J. Histochem. Cytochem., 9: 647,
1961.
